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Introduction
Carbonic anhydrase enzymes (CA, EC 4.2.1.1) catalyse the reversible hydration of carbon dioxide (CO 2 ) to generate bicarbonate anion (HCO 3 -) and a proton (H + ). 1, 2 Our knowledge of the physiological impact of this reaction has grown significantly in recent years, with CA now validated as a target for cancer therapy intervention by inhibition of extracellular CA IX 3 and XII. 4 Several CA isozymes, including cytosolic CA VII 5 and CA XIII, 6, 7 are potential targets in other conditions where pH homeostasis is critical. 8 The CA enzyme active site comprises a tetrahedral Zn 2+ cation that plays both a structural and catalytic role for the enzyme 9 and this metal is the implied target for medicinal chemistry. altemicidin and psammaplin C, are rare and have not been investigated for CA inhibition.
Plant NPs have been the basis of traditional medicine for thousands of years and continue to actively contribute to contemporary drug discovery. 13 The significance of NPs in drug discovery is most evident in the anti-cancer 17 20 A recent review highlights the growing interest in the coumarin class of compound to deliver new therapeutics. 21 In a study of plant NPs ten alkaloid enriched Leionema ellipticum (Rutaceae) extracts were screened using electrospray ionization mass spectrometry (ESI MS) for binding to bovine CA II (bCA II). 22 From this study the coumarin, 6-(1S-hydroxy-3-methylbutyl)-7-methoxy-2H-chromen-2-one (1) was identified as a ligand for bCA II as it formed a noncovalent complex that could be detected by ESI MS. It was subsequently demonstrated that 1 differentially inhibits a spectrum of human CAs in a time dependent manner, and with much higher activity than coumarin 2, the simplest NP coumarin. 23 As coumarin compounds lack the classic sulfonamide ZBG of known small molecule CA inhibitors it was of interest to understand how this NP binds to CAs. Using protein X-ray crystallography we observed the hydrolysis product of 1, the cinnamic acid derivative 3, spanning the entrance to the hCA II active site following incubation of 1 with hCA II. 23 Esterase activity is known for CAs 24, 25 and the observation of cinnamic acid 3 rather than coumarin 1, although unexpected, could be rationalized as a consequence of hCA II esterase activity leading to hydrolysis of the lactone of 1. Inspired by the success of NPs in contributing new small molecule therapeutics together with the promising findings that the coumarin class of compounds act as CA inhibitors and have anti-tumor activity 3, 23 we accessed Nature Bank (from which coumarin 1 was discovered) to source further NP coumarins. Nature Bank is a unique drug discovery resource that consists of >50,000 biota samples collected from Australia, China and Papua New Guinea along with biota extracts, semi-purified fractions and pure compounds. 33 A substructure search of the Nature Bank pure compound repository against the bare coumarin scaffold 2 was performed and a set of 81 coumarins were initially identified. From this set a subset of 27 coumarins were sourced in sufficient quantity and purity for follow up evaluation as CA inhibitors.
These NP coumarins, compounds 4 -30 ( Figure 3 ), form the basis of the present manuscript wherein we describe the CA inhibition against six human CA isozymes and evaluate the druglike properties of this coumarin library. Coumarin 2, the simplest coumarin, is not an appreciable inhibitor of CA VII, IX, XII or XIII however it is a weak inhibitor of off-target CA I and CA II with K i s of 3.1 and 9.2 M, respectively. The complexity and diversity of structures within this NP coumarin library far exceeds that described for synthetic coumarins that have been assessed for CA inhibition. range of values for known drugs. 64 Reactive Michael acceptors are a general structural alert in drug discovery, however it has been demonstrated that simple coumarins exhibit poor protein binding characteristics compared to other carbonyl containing Michael acceptors. 65, 66 This poorer reactivity of the coumarin double bond compared with other Michael acceptors, has been attributed to it being part of a pseudoaromatic system. 67 
Conclusions
Following from the recent discovery that coumarins are time dependent CA inhibitors (owing to CA-mediated lactone hydrolysis) this study is the first to more fully investigate NP 
